Objective To determine whether emergent and urgent (nonelective) hospitalizations are associated with faster acceleration of cognitive decline compared to elective hospitalizations, accounting for prehospital decline.
Cognitive decline after hospitalization is a common but poorly understood occurrence in older adults. 1 Research over the past decade has shown that hospitalization is not only associated with transient delirium, but also long-term cognitive decline and dementia. [2] [3] [4] [5] The risk of negative cognitive outcomes after hospitalization increases with older age. 6, 7 Given that 35% of all hospitalized patients in the United States are aged 65 years or older, despite comprising only 13% of the population, 8 hospitalization may constitute a risk factor for cognitive decline and dementia in later life that deserves more attention.
A key unanswered question is whether elective hospitalizations pose the same risk to cognitive health as emergency or urgent (i.e., nonelective) hospitalizations. Such information could have ramifications for older adults, families, and physicians in assessing risks surrounding elective procedures such as hip replacement. A related question is whether older adults who experience worsening cognition after hospitalization were already declining beforehand. Older adults hospitalized for more medical issues may have preceding cognitive impairments that affect posthospital outcomes. 9 Much of the work in this area comes from hospital cohorts with little to no information on cognitive trajectories before hospitalization, or a comparison group of older persons who were not hospitalized. 4, 6, [10] [11] [12] Expanding on the limited number of prospective cohort studies 2, 3 that have demonstrated acceleration in cognitive decline years after hospitalization, we propose a modeling scheme that separates change in cognition after hospitalization from change before hospitalization, and from change in those who were not hospitalized. We use data from a prospective cohort study of community-dwelling older adults to test the hypothesis that nonelective hospitalizations are associated with faster acceleration in cognitive decline compared to elective hospitalizations, after accounting for differences in prehospital rate of cognitive decline.
Methods
Participants Data for this study came from the Rush Memory and Aging Project (MAP), a longitudinal study of aging of older adults without dementia at enrollment from more than 40 senior housing facilities and retirement communities in the Chicago area. 13 Participants agree to annual evaluation and organ donation at time of death. This study was approved by the institutional review board of the Rush University Medical Center, and informed consent was obtained from all participants following a review of the risks and benefits of study participation. The request for Medicare records was reviewed and approved by the Centers for Medicare and Medicaid Services (CMS) Privacy Board and research identifiable files were shared through a signed data use agreement with CMS.
MAP began in 1997 and enrollment is ongoing. Participants are asked to provide their Medicare Healthcare Insurance Claim number or social security number at the time of enrollment. In 2012, Medicare records were requested from CMS for 1,593 participants for the years that were available at the time: 1999 to 2010. Medicare records were successfully obtained for 87%, of whom 1,136 had valid MAP and Medicare data with overlapping years. After exclusion criteria were applied as described in figure 1, there were 777 persons available for analyses. Missing annual cognitive assessments and loss to follow-up were minimal and thus ignored in analyses. Compared to the 359 participants with valid MAP and Medicare data who were not included, these 777 participants were younger (80.5 vs 82.2 years, p < 0.001), more likely to be female (75.4% vs 66.5%, p = 0.002), had slightly higher years of education (14.7 vs 14.3, p = 0.030), had higher Mini-Mental State Examination (28.1 vs 25.8, p < 0.001) and global cognition scores (0.11 vs −0.33, p < 0.001), lower levels of depression (1.15 vs 1.50, p = 0.002), and lower levels of activities of daily living (ADL) disability (0.14 vs 0.39, p < 0.001). These differences are as expected, as people with dementia and who were followed only briefly were removed from the analytic sample.
Assessment of hospitalizations and hospitalization characteristics using Medicare claims records Data on hospitalizations for MAP participants for the years 1999 to 2010 came from Medicare claims records obtained from CMS through the Research Data Assistance Center research identifiable files request system.
14 Information on years of eligible Medicare Part A coverage came from the master beneficiary summary file. Data on hospitalizations came from the Medicare provider analysis and review (MedPAR) file, which concatenates all claims filed for a hospitalization into a single record. The MedPAR file included an indicator for the type of admission; hospitalizations in this dataset fell into 1 of 3 types: emergency (required immediate medical intervention as a result of severe, life-threatening, or potentially disabling conditions; generally admitted through the emergency room), urgent (required immediate attention for the care and treatment of a physical or mental disorder; generally admitted to the first available and suitable accommodation), and Glossary ADL = activities of daily living; CMS = Centers for Medicare and Medicaid Services; ICD-9 = International Classification of Diseases, Ninth Revision; ICU = intensive care unit; MAP = Rush Memory and Aging Project; MCI = mild cognitive impairment; MedPAR = Medicare provider analysis and review. elective (condition permitted adequate time to schedule the availability of suitable accommodations). Emergency and urgent hospitalizations were combined as nonelective hospitalizations for this analysis.
The MedPAR file included an indicator for whether surgery was performed. An indicator for intensive care unit (ICU) stay was created based on days in ICU greater than 0. An indicator for anesthesia use was created based on anesthesia charges more than 0 dollars. Length of hospital stay in days was recorded. The Charlson Comorbidity Index, a measure of severity of illness during hospitalization, was created from ICD-9 codes. ICD-9 codes were also used to create indicator variables for critical illness, as well as primary brain injury including ischemic stroke, brain hemorrhage, and head injury as specified in the Adult Changes in Thought study. 5 Cognitive evaluation and clinical diagnoses Cognitive function was assessed annually via a battery of standard tests. Scores for 19 tests were z-transformed and averaged to compute a global cognitive function score, and subsets of tests were used to derive scores for 5 cognitive domains (working memory, episodic memory, semantic memory, perceptual speed, and visuospatial ability) as previously described. 15 Clinical diagnoses of dementia and probable Alzheimer disease were conducted at each annual evaluation 16 following the criteria of the joint working group of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association. 17 A diagnosis of mild cognitive impairment (MCI) was made if cognitive impairment was present in the absence of dementia. 18 Other covariates Covariates were from baseline evaluation. Education was measured in years. Self-reported chronic medical conditions included number present of: diabetes mellitus, hypertension, heart conditions, cancer, thyroid disease, head injury, stroke, 19 congestive heart failure, and claudication. Smoking history was assessed via self-report. ADL disability was assessed via the Katz scale as the number of items on which a participant reported the need for assistance: walking across a small room, bathing, dressing, eating, transferring from a bed to a chair, and toileting. Depressive symptomology was based on the 10-item version of the Center for Epidemiologic Studies-Depression scale. Physical activity was assessed as self-reported time per week engaged in 5 common exercise activities: walking for exercise, gardening or yardwork, calisthenics or general exercise, bicycle riding, and swimming or water exercise.
Statistical analysis
All analyses were performed using SAS 9.4 (SAS Institute, Cary, NC). 20 We first examined the distributions of characteristics by hospitalization status (hospitalized vs not hospitalized) and tested differences by hospitalization status using t tests for continuous variables and χ 2 tests for categorical variables. We then examined differences in hospitalization characteristics for all hospitalizations over follow-up by admission status (elective vs nonelective). We used a series of linear mixed-effects regression models to examine whether hospitalization, and then type of hospital admission, was related to an acceleration in cognitive decline as compared to the rate in those who were not hospitalized, and compared to the rate of change before hospitalization. All models included randomeffects terms for intercept and follow-up time, and fixed-effects terms for time, age, sex, race, education, interactions of age with time, chronic medical conditions, vascular disease burden, smoking history, depressive symptoms, ADL disability, and physical activity. The main outcome variable for these analyses was global cognitive function. Models were repeated with the 5 domains of cognitive function as 5 separate outcomes.
First, models were fit with a fixed term for hospitalized (1 = hospitalized at least once over follow-up, 0 = no) and a term for the interaction of hospitalized with time, as well as a time-varying indicator for posthospitalization (1 = all assessments after first hospitalization, 0 = all assessments before hospitalization), and the interaction of this indicator with time. Together, these terms allow the estimation of a difference in the level and rate of change in cognitive function for those who were hospitalized compared to those who were not hospitalized, as well as an additional difference in level and rate of change in cognitive function after hospitalization.
In a second set of models, we split hospitalization by admission type and included fixed terms for elective hospitalization and nonelective hospitalization and the interactions of those terms with time, and time-varying postelective and post-nonelective hospitalization indicators, and corresponding interactions with time. This allowed for estimation of differences in the level and rate of change both before and after each type of hospitalization compared to those who were not hospitalized. Because people who are admitted for nonelective admissions are usually sicker and may undergo more invasive procedures, we adjusted further for a number of hospital characteristics including length of stay, ICU stay, surgery, Charlson Comorbidity Index, the total number of hospitalizations over follow-up, and whether critical illness or primary brain injury were ever experienced over follow-up. All hospital indicators were set to 0 at all assessments prior to first hospitalization, and for all assessments in persons who were not hospitalized.
In secondary analyses, to test whether associations were driven by people who were already cognitively impaired, we repeated the elective vs nonelective hospitalization analysis after removing those with MCI at baseline and then removing those who developed MCI at any time before hospitalization. To test whether results were influenced by persons hospitalized for primary brain injury (ischemic stroke, brain hemorrhage, or head injury), we repeated analyses after removing persons with these types of hospitalizations. We also repeated analyses after removing persons who had both types of hospitalizations over follow-up. Finally, to assess whether there was a dose-response relationship regarding number of hospitalizations of each type, we ran a separate analysis with time-varying indicators for (1) one hospitalization and (2) 2 or more hospitalizations, for both elective and nonelective admissions.
Data availability policy
In accordance with the Data Use Agreement between Rush University Medical Center and the CMS, only named persons on the Data Use Agreement are granted permission to access Medicare records files. All other data for participants of the MAP is available on request through the Rush Alzheimer's Disease Center Research Resource Sharing Hub: radc.rush.edu.
Results
Of the 777 participants, 460 (59.2%) were hospitalized at least once over an average of 5.0 (SD = 2.6) years of observation. This included 222 (28.6%) with at least one elective and 418 (53.8%) with at least one nonelective admission; 180 (23.2%) had both types of admission. Initial hospitalization occurred a mean of 2 (SD = 1.7) years after study baseline (no significant difference by admission status) and there was a mean of 4.1 (SD = 2.0) years of follow-up after initial hospitalization. Persons who were hospitalized were followed for longer on average (mean 6.1 years vs 3.5 years, p < 0.001), and were on average older and had more medical conditions, more depressive symptoms, more ADL disability, and lower levels of physical activity at baseline (table 1) . There were no differences by sex, education, baseline Mini-Mental State Examination status, or smoking history.
There were 1,688 hospitalizations over follow-up, including 367 elective and 1,321 nonelective hospitalizations, as described in table 2. About 4 of 5 elective hospitalizations were for surgical procedures and 3 of 5 involved anesthesia, both significantly more than for nonelective procedures. More nonelective hospitalizations involved ICU stays, critical illness, and primary brain injury. Length of stay was slightly shorter and Charlson Comorbidity Index was higher in nonelective hospitalizations.
Hospitalization and cognitive decline
We first tested the association of hospitalization with cognitive decline, regardless of admission type. As shown in table 3, after controlling for age, sex, race, education, interaction of age with time, chronic medical conditions, smoking history, depressive symptoms, ADL disability, and physical activity, the measure of global cognition declined a mean of 0.052 unit per year in those who were not hospitalized. In those who were hospitalized, the rate of cognitive decline before hospitalization (0.064 unit per year; estimate = −0.011, SE = 0.011, p = 0.33) was not significantly different than the rate in those who were not hospitalized. After hospitalization, the rate of cognitive decline accelerated by 0.042 unit per year (SE = 0.005, p < 0.001) to a mean loss of 0.106 unit per year, Abbreviations: ICU = intensive care unit; NA = not applicable. a Longer length of stay for elective hospitalizations was attributable to higher proportions of surgery. When examining surgical hospitalizations alone, nonelective hospitalizations (n = 528, mean = 5.6, SD = 4.3) were significantly longer than elective hospitalizations (n = 300, mean = 4.5, SD = 4.6; p < 0.0001).
e694 Neurology | Volume 92, Number 7 | February 12, 2019 Neurology.org/N representing a 65% acceleration in cognitive decline from the prehospital rate, and nearly doubling of the rate in persons who were not hospitalized, as displayed in figure 2 . Table 3 also displays the results for separate cognitive domains: all domains showed acceleration in decline in the years after hospitalization, though this did not achieve statistical significance for visuospatial ability. By contrast, in years prior to nonelective hospitalizations, the rate of decline was faster (0.076 unit per year; estimate = −0.024, SE = 0.011, p = 0.032) than the rate in those not hospitalized. After nonelective hospitalization, decline accelerated by 0.036 unit (SE = 0.005, p < 0.001) to a mean loss of 0.112 unit per year, more than double the rate in those who were not hospitalized. As displayed in figure 3 , the rate of cognitive decline after nonelective hospitalization showed the most dramatic deviation from all other slopes.
We also investigated the association of elective and nonelective hospitalization with specific cognitive domains (table 4). All 3 memory domains showed acceleration from prehospital rate after nonelective hospitalization only. Rate of decline in all domains except for visuospatial ability was significantly faster after nonelective hospitalization than for persons who were not hospitalized. In secondary analyses, we repeated the model with global cognition as the outcome after removing those with MCI at baseline (n = 185) or who developed MCI at any time before hospitalization (n = 239), after removing persons with primary brain injury (n = 8), and after removing persons who experienced both types of hospitalization over follow-up (n = 180). In all cases, the results were similar to the model with the entire cohort and inferences were essentially unchanged. In a model that examined the effect of multiple hospitalizations that included timevarying indicators (1) one hospitalization and (2) 2 or more hospitalizations of each admission type, results indicated a dose-response relationship; there was a trend for faster rate of change after one nonelective hospitalization (n = 119; There was no association with faster rate of change for 1, or for 2 or more elective hospitalizations.
Discussion
In this community-dwelling cohort of nearly 800 older adults enrolled without dementia followed for a mean of 5 years, the rate of cognitive decline accelerated after hospitalization, and showed the most dramatic increases in rate of decline after nonelective emergency and urgent hospitalizations, even after accounting for severity of illness and invasive procedures, as well as prehospital change. Nonelective hospitalization represents a highly prevalent risk factor or marker for cognitive decline in older adults that deserves more attention.
These results build on a growing body of research demonstrating worsening cognitive decline after hospitalization in older adults. [1] [2] [3] [4] [5] [6] [7] Much of this work utilizes data from hospital cohorts or other designs that have no comparison group of nonhospitalized older adults, no information on change in the time before hospitalization, and typically short follow-up (1 year or less). 4, 6, [10] [11] [12] 21 Recently, a small number of prospective cohort studies have been published with both hospitalized and nonhospitalized older persons and lengthy follow-up time (between 6 and 14 years) both before and after hospitalization.
2,3,5 All 3 studies reported greater cognitive decline in persons in the years after hospitalization compared to those who were not hospitalized and compared to before hospitalization. Our work further extends on these studies by allowing the rate of change before hospitalization to be separated from the rate of change in those who were not hospitalized, and by separating elective and nonelective hospitalizations, thus helping to clarify the relationship.
The reasons for acceleration of cognitive decline after nonelective hospitalization are not clear. Specific hospital procedures that have received attention as potential threats to cognition including critical/intensive care, 4, 5, 21 as well as surgery and use of general anesthesia, [22] [23] [24] did not account for our findings.
12 This echoes previous findings that surgery with anesthesia is not a risk factor for long-term cognitive impairment after critical illness. 25 Another potential reason is that persons presenting for emergency or urgent hospitalizations are very sick. We controlled for severity of illness in a number of ways, but we cannot exclude confounding by unmeasured aspects of health or underlying illnesses that contribute to cognitive deterioration. Investigators have also focused on the threat to cognition posed by hospital events such as delirium [26] [27] [28] [29] and sepsis. 30 While these events may have an important role, they were reported in very limited number in these claims and thus we were unable to investigate their influence. For example, only 16 participants had delirium as indicated by ICD-9 codes, 31 which likely underestimates the actual prevalence of hospital-related delirium in this cohort.
Underreporting of delirium 32 and sepsis 33 in claims data is widely recognized. Other less explored explanations are stress level, use of sedatives, mechanical ventilation, multiple medications, nosocomial infections, and interruption of sleep.
There are limitations to this study. Using administrative records, we could only observe what is billed for, limiting resolution to examine hospital characteristics, procedures, and diagnoses that could further explain these findings. The study design did not allow for a thorough exploration of whether underlying illness caused both cognitive decline and nonelective hospitalization (i.e., confounding) or whether rapid cognitive decline directly led to nonelective hospitalization (i.e., reverse causality). The study design also did not allow assessment of acute onset of cognitive impairment in the weeks immediately after hospitalization. Participants come from a selected, predominantly white and higher socioeconomic status volunteer sample, which limits generalization to more diverse populations and may underestimate the effects in the general population. Medicare claims records are known to underreport certain conditions such as delirium and sepsis that may have influenced findings. Strengths include assessment of hospitalization from Medicare claims records rather than participant report, and annual cognitive assessment of all participants with a robust battery. Cognitive assessment was independent of hospitalization status and cognitive change before and after hospitalization could be modeled. The modeling scheme allowed for the estimation of acceleration in rate of cognitive change above and beyond prehospital change and accounting for inherent baseline differences in health and cognitive function between persons who experience elective vs nonelective hospitalizations vs no hospitalization.
Although rarely perceived as a common risk factor for cognitive decline in old age, hospitalization may have a significant role in the public health burden of cognitive impairment and dementia in an aging society. Studies showing that nonelective hospitalizations, specifically, appear to be associated with deterioration in cognitive health of older adults are rare. This may ease some concerns regarding the scheduling of elective procedures; however, one should be cautious in overinterpretation or making recommendations based on these data. It is likely that healthier older individuals self-select for elective hospitalizations, and physicians will recommend or clear procedures in individuals deemed healthy enough to tolerate the risks. Nonetheless, these data suggest the selection process is providing some measure of cognitive safety for older adults. However, it is imperative in our aging society that there is more research on factors associated with emergency and urgent care that accelerate cognitive decline. This includes answering remaining questions regarding whether it is the underlying critical illness, hospital procedures or environment, or some combination of these factors that places certain older patients at risk. Future research will explore the influence of specific illnesses, medications, and procedures on subsequent cognitive decline after nonelective hospital stays. 
